Intradialytic exercise (IDE) has been shown to benefit dialysis efficacy; however, the effect of IDE intensity is unknown. Dialyzer urea clearance (K urea, ml/min) was significantly greater during both IDE protocols (55% and 70% maximal heart rate, HRmax), compared to no IDE (p<0.05). No significant difference in K urea was found between IDE protocols (55% vs. 70% HRmax) (p>0.05).
system $95,000 -$107,000 per patient per year (CORR Report 2015) . Intradialytic exercise (IDE) as a therapy for HD patients is utilized in few North American dialysis programs. Benefits of IDE for patients include improvements in aerobic capacity (V O 2 peak) (Ouzouni et al. 2009 ), leg muscle strength (Chen et al. 2010) , quality of life (Ouzouni et al. 2009 ), as well as lower markers of inflammation (Afshar et al. 2010) , and hospital usage (Parker et al. 2015) .
Another important benefit of IDE is enhanced solute removal and efficacy of the dialysis treatment itself (Kong et al. 1999 , Parsons et al. 2006 ). Compared to dialysis at rest, IDE increases blood flow and perfusion of the exercising musculature, thereby increasing the surface area of exchange between the blood and the muscle tissue. Subsequently, more waste products (e.g. urea) can diffuse from the muscle into circulation-to be removed via dialysis-during IDE compared to dialysis at rest.
The effectiveness of IDE is shown in measures of dialysis efficacy, such as Kt/V, where K is dialyzer clearance of urea in ml/min, t is the dialysis time in minutes, and V is the volume of distribution of urea in ml (roughly the patient's total body water) (Parsons et al. 2006 , Giannaki et al. 2011 ).
Dialyzer clearance of urea (K urea, ml/min) is another common measure of dialysis efficacy as values are often reported in "real time" by dialysis machines. While IDE is beneficial, the impact of exercise intensity of K urea and other indices of dialysis are not known. Therefore, the purpose of the present study was to determine whether increasing IDE intensity enhances dialysis efficacy in a HD population.
This is an important question as dialysis efficacy likely impacts patient morbidity and mortality (Greene et al. 2005 participants' dry weight had to remain constant throughout all three protocols to be used for analysis.
The majority of patients (15/17) used a constant sodium profile throughout dialysis. If the participant dialyzed with a central venous catheter (CVC), researchers ensured that there were no differences in arterial and venous line connection. Subjects underwent HD for one hour prior to initiating each protocol (control or exercise). To access the impact of exercise on urea kinetics, K urea (ml/min), peak urea clearance (ml/min), calculated Kt/V, and the percent change in urea clearance from baseline was assessed during each session.
Exercise protocol. A schematic of the experimental design and exercise protocol is shown in Figure 1A .
Participants were randomized to three different protocols during the mid-week HD treatment over three consecutive weeks (1/week). The three protocols were 1) no exercise, 2) 30-minutes of exercise at 55%
of age-predicted maximal heart rate (HRmax), 3) 30-minutes of exercise at 70% HRmax. On exercise days, participants started their exercise after 60 min of HD, in order to collect baseline data. At one hour D r a f t 5 of HD, a kinesiologist placed a Monark Rehab Trainer 881E (Monark Exercise AB, Vansbro, Sweden), set to the lowest resistance, at the base of the dialysis chair.
Each participant was then shown a modified 0-10 point rating of perceived exertion (RPE) scale (Borg 1970) . Participants self-selected an exercise intensity that fit their perception of "easy", or two out of 10 on the Borg scale (Borg 1970) , on the 55% HRmax day. Participants self-selected an exercise intensity that fit their perception of "somewhat hard", or four out of 10 on the Borg scale (Borg 1970) , on the 70% HRmax day. In addition, the patient was encouraged to train as close to a HR at their percentage of HRmax (220-age in years; then 55% and 70% of max value). Pre-exercise values (i.e.
blood pressure, HR, and oxygen saturation) were recorded immediately before IDE, while mid-exercise values were recorded every 10 minutes. Post-exercise values were recorded two minutes after IDE cessation. The research team monitored changes to K urea by recording new values (as they appeared on the HD machine's OCM diagram) throughout the duration of the dialysis treatment (~10 minute intervals). The percent change between the last pre-exercise K urea value and the peak of the highest K urea value achieved during exercise was calculated.
Statistical Analysis. Statistical analysis was performed using GraphPad Prism (Version 7.0 La Jolla, CA). Differences between treatments were determined by a one way repeated analysis of variance (ANOVA), followed by a Tukey's post-hoc test where p < 0.05 was considered to be significant. Data are expressed as mean ± SEM.
RESULTS
In total, 22 participants provided informed consent and participated in the study. After starting the study, three participants were unable to complete the protocols because of CVC variability between runs, and a final participant could not perform the exercise following a leg injury from a fall. Participant demographics are outlined in Table 1 .
Kt/V was slightly, but significantly greater during the 55% session compared to the control session ( Figure 1B, p<0 .05). However, there was no difference in Kt/V between the 70% session and the control session ( Figure 1B, p>0.05) . No pre-exercise differences in K urea were found between treatment groups (p>0.05), but K urea was found to be significantly greater during exercise in both IDE sessions (55% and 70%) compared to the control session ( Figure 1C, p<0.05) . Unexpectedly, there were no differences between K urea with exercise intensity (e.g. 55% vs. 70%) (p>0.05). Following exercise, urea clearance returned to baseline levels on all groups with no difference between treatments (p<0.05). Peak K urea and the percentage change in clearance was found to be significantly greater during both IDE sessions compared to the control session (p<0.05, Figure 1D , 1E), with no differences noted between IDE intensities (p>0.05).
Two indices were used to gauge exercise intensity in the present study, the Borg (RPE) and HR.
HR was significantly greater at all three time points (i.e. 10, 20, and 30 minutes) from the 55% to the 70% trial, with an average increase of 7.3 ± 1.3 bpm between the 55% and 70% treatment groups (p<0.05)( Figure 1F ). This increase in physiological exertion from the 55% to the 70% protocol was consistent with the participant RPE results shown in Figure 1G that was greater at all three time points assessed. No adverse events as a result of the exercise were observed although two subjects did report "burning/pain in his lower leg" and feeling "a bit dizzy" upon completion of the 70% IDE session.
DISCUSSION
To our knowledge, this is the first study to examine the effect of IDE intensity on real time K urea and other dialysis indices. A significant increase in K urea was observed during IDE compared to dialysis at rest (5.5±1.9% and 12.4±2.6% increase for 55 and 70%, respectively). However, no difference in K urea between the 55% and the 70% protocol was observed. One interpretation of this finding is that greater IDE intensity may not induce greater K urea. The implication of this is that HD patients may not have to work as hard during IDE to achieve an increase in K urea, compared to dialysis D r a f t 7 at rest. An alternate interpretation is that HD patients were unable to achieve a significant enough increase in exercise intensity with the 70% protocol due to their advanced age (>66 years), significant comorbidities (>2), and disease burden (>5 years on dialysis).
Despite these findings, it must be emphasized that there are other potential benefits to exercising at a greater intensity. For example, Painter et al. (2002) observed a significant increase in V O 2 peak when incorporating a 30-minute, 70%+ HRmax IDE protocol for 5 months. Konstantinidou et al. (2002) also observed an increase in V O 2 peak, as well as anaerobic threshold, exercise time, and maximal ventilation when incorporating a 60-minute, 70% HRmax IDE protocol for 6 months. In addition to cardiorespiratory benefits of higher intensity IDE, improvements in muscular strength, psychological status and quality of life have been reported (Konstantinidou et al. 2002) . However, it should be noted improvements with greater intensity exercise occurred over a longer duration in these studies (5-6 months) as compared to the single dialysis run in the present study.
The impact of IDE on Kt/V is inconsistent in the literature, with both positive (Kong et al. 1999 , Parsons et al. 2006 and no changes reported (Afshar et al. 2010 , Kirkman et al. 2013 ). Compared to the control session, Kt/V was found to be slightly, but significantly greater during the 55% protocol, but not during the 70% protocol. Reasons for a lack of Kt/V increase during the 70% session are not known, but may be due to increased muscle blood flow and greater cardiac output (leading to increased urea recirculation), reduced effective dialysis time due to increased alarm interruptions, or the small sample size.
Two different indices were used to assess exercise intensity in this study including HRmax and RPE. It should be noted that no participants achieved 70% of their age-predicted HRmax for the total exercise duration (while only nine patients achieved 55% of their age-predicted HRmax). Reasons for lack of attainment of the predicted HR increase include: lack of sympathetic response due to autonomic neuropathy, and greater perceived exertion at a given HR due to limited leg strength (Konstantinidou et al. 2002 , Raj et al. 2008 . HD patients tend to be limited by peripheral factors, as opposed to central D r a f t 8 factors, during IDE. This decrease in leg strength is mainly caused by leg muscular atrophy, resulting from protein hypercatabolism in HD patients (Raj et al. 2008) . HD is also known to promote plasma amino acid loss, with 10-12 g of amino acids removed in the dialysate per HD treatment resulting in muscle protein hypercatabolism and amino acid release from muscle, resulting in muscle atrophy and decreased muscle strength in HD patients (Raj et al. 2008) .
A potential barrier to IDE includes fear of complications from exercise. Two participants in this study reported undesirable symptoms during the 70% protocol. These symptoms were minor issues, and resolved when the IDE stopped. IDE adverse effects are rare and usually minor in nature. A metaanalysis by Smart et al. (2013) found that no randomized controlled trials involving exercise with chronic renal failure patients have reported a death directly related to exercise in over 30,000 patienthours of exercise.
It should be noted that technique of OCM may have missed an exercise induced increase in K urea if timing of the conductivity measurement occurred after the period of exercise. Thus, a limitation of our study is that the OCM was not routinely determined either at the middle or prior to the end of the IDE session. Another limitation is the use of HR response to define exercise intensity. Determining the intensity is challenging due to the variation in the prediction of the HRmax, especially in this patient population for the reasons outlined above.
In conclusion, an increase in K urea and Kt/V was observed during IDE at 55% compared to rest. Increasing exercise intensity did not significantly increase either value during IDE and highintensity IDE may not be necessarily better than low-intensity IDE in terms of dialysis efficacy, however, higher-intensity IDE may provide additional benefits. From a practical perspective, lowerintensity IDE may be less intimidating to HD patients compared to high-intensity IDE, and may result in greater compliance. The results of this study suggest that some exercise is better than no exercise for HD efficacy, even if the participant cannot achieve a high IDE intensity. Kt/V
